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To establish a method for separating different kera-
tinocyte subpopulations in the epidermis, we studied the 
specificity of monoclonal antibody 4F2 for keratino-
cytes. Preliminary screening experiments had previ-
ously demonstrated 4F2 reactivity with the epidermis. 
4F2 reacted with a subpopulation (19.29 ± 5.23%) of 
human epidermal cells in suspension . The membrane 
antigen identified by 4F2 continues to be expressed by 
cultured keratinocytes. In frozen tissue section using an 
indirect immunofluorescence technique, the 4F2-posi-
tive cells in the basal layer are sharply demarcated from 
the negative suprabasilar layers. Even in the hyperpro-
liferative state of psoriasis, the 4F2 reactivity is con-
fined to the basal layer. Cell suspensions of psoriatic 
epidermis demonstrated a greater percentage of reactiv-
ity with 4F2 (49.51% ± 6.50%), probably reflecting the 
expanded population of basal layer cells. 
Monoclonal 4F2 , therefore, reacts with a membrane 
antigen present on basal keratinocytes, and provides a 
probe for use in the isolation of the basal keratinocyte 
subpopulation. Thus, this antibody should be useful in 
studies of normal and aberrant differentiation of the 
epidermis. 
M onoc lonal ant ibody 4F2 identifies an unusually well-stud-
ied cell marker and reacts with a var iety of cell types and lines 
[1- 4]. It was produced fo llowing immunization of a mouse with 
cells from the HSB-2 (T-cell) line [1]. Further characterization 
of this monoclonal antibody is . reported in detail elsewhere 
15]. 
We required a marker of t he membrane component of basal 
ce lls so that th is population could be isolated to facilitate 
further studies on the t hymopoietin -like molecule present in 
the basa l layer, as reported by Chu et a l [6]. Preliminary 
investigation suggested that monoclonal antibody 4F2 reacted 
with a subpopulation of epidermal ce lls . 
We report here t ha t 4F2 antigen expression is confined to 
basal layer keratinocytes of normal skin a nd lesions of psoriasis. 
Therefore , monoclonal 4F2 may provide a means of separating 
t he basal layer population, either by fluorescence-activated cell 
sorting [7) or by plastic adherence techn iques, thus facilitating 
further study of both the normal biology and pathology of t he 
epidermis. 
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MATERIALS AND METHODS 
Tissue Specimens 
Normal human skin was taken from fresh ly obtained surgical spec-
imens in accordance with the guidelines of the Columbia University 
Institutional Review Board and processed as indicated below. Biopsies 
of lesions from untreated patients with psoriasis were performed for 
routine diagnosis; portions of the t issue were studied as indicated below. 
Epidermal Cell Suspensions 
Single cell epidermal suspensions were prepared from normal skin 
and lesions of psoriasis by the method of Eisinger et a l [8]. Briefly, 
afte r decontamination, skin samples were manually dissected to form 
tissue ellipses measuring -approximately 2 X 8 mm. These pieces of 
tissue were washed in 0.2% EDTA (Sigma) and then immersed in a 
0.25% solut ion of crude trypsin (Difco) for overnight incubation at 4 ·c. 
Subsequently, the epidermal portions were manually dissected from 
the dermis, placed in a solution of tryps in 1:250 with EDTA 0.2 g/ liter, 
and abraded with forceps against the surface of the specimen dish. The 
resulting suspension was filtered through gauze to remove cellular 
aggregates and sheets of fully keratinized cells. This single cell suspen-
sion was then collected in 100% heat-inactivated fetal bovine serum 
(Gibco) to prevent further action by the trypsin. 
Epidermal Cell Cultures 
Epidermal cell suspensions from normal skin specimens as described 
above were placed in t issue culture by the method of Eisinger et al 
[8). The cells were resuspended in acidified growth medium at pH 6.0-
6.2 containing Eagle's minimal essential medium supplemented with 
10% fetal bovine serum (Gibco), 100 U/ml penicillin, 100 11g/ml strep-
tomycin, 0.25 l'g/ml Fungizone, and 0.4 !Lg/m l hydrocortisone (Upjohn 
Co) and plated at a concentration of 1.2 X 105 ce lls/cm2 in tissue culture 
llasks (Falcon). After 1 week of incubation at 37"C in water-saturated 
air containing 5% C02, the pH of the medium was increased to 6.5 and 
the cultures were fed twice weekly thereafter. 
Cultures were harvested at varying intervals. After washing in phos-
phate-buffered saline (PBS) lacking calcium and magnesium (Gibco), 
the cultures were incubated for 5 min at 37"C in trypsin/ EDTA and 
the resultant cells were resuspended in growth medium, as described 
above, to prevent further action by t rypsin. 
Monoclonal antibodies . 
4F2 is a murine monoclonal antibody of class lgG-y2a which was 
generated by immunizing mice with the HSB-2 human T-cellline [1]. 
It is a non-HLA, non-Ia cell surface marker which recognizes the 
polypeptide portion of the heavy chain of a 120K cell surface glycopro-
te in [2,3 ). The antigen has been detected on peripheral blood monocytes 
[ 1], on a subset of activated T cells [2], on in vitro colony-forming bone 
marrow cells [4], and on a number of established lymphoid cell lines 
[3]. The optimal dilution of antibody 4F2 for our studies (1:500) was 
achieved by serial dilution studies to maximize specific staining and 
minimize nonspecific reactivity. 
Monoclonal antibodies OKT6 and OK!a1 (Ortho Pharmaceutical ) 
were used to detect Langerhans cells in epidermal cell suspensions. 
Their specificity for this cell population in the skin has been reported 
previously [9]. Murine ascitic fluid containing an irrelevant myeloma 
protein of the appropriate lgG subclass was used as a negative control 
for all studies. 
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Viability Studies 
Epidermal cell suspensions from freshly processed skin or from 
harvested tissue cultures prepared as described above were counted in 
a he mocytometer. Viability was assessed by the trypan blue dye exclu-
sion test. 
Indirec t Immunofluorescence of Epidermal Cell Suspensions 
The epidermal cells from fresh suspensions or t issue culture were 
resuspended in PBS with 0.1 % sodium azide and 5% human AB serum 
at a concentration of 10 X 106 epidermal cells per mi. One hundred 
microliters of t he cell suspension was incubated wit h 100 J.L l of the 
monoclonal antibody (4F2, OKT6, or OJ<Ia1) or the control ascites 
fluid fo r 30 min at 4 ' C in microtiter plates (Dynatech Labs Inc.). The 
cells were washed 3 t imes in PBS/ azide/ AB serum and then incubated 
furt h e r wi th the F(ab). fraction of fluorescein -conjugated goat anti-
mouse IgG (Cappel Laboratories) at a 1:20 dilution for 30 min at 4 ' C. 
After 3 additional washes the cells were resuspended in 50 J.Ll of 50% 
glycerine in PBS. A drop of each suspension was mounted under a 
cover s lip prior to exa mination under oi l immersion using a Leitz Ortho· 
Lux II microscope with a !1uorescein vertical illuminator. One hundred 
consecutive cells were counted in each specimen, and the percentage of 
cells displaying surface membrane fluorescen ce was determined. 
Cytofluorograph Analysis of Epidermal Cell Suspensions 
Cell suspensions were stained by the indirect immunofluorescence 
technique as above. After the final wash, t he suspension was filtered 
throu gh gauze to remove any cell aggregates. Ten thousand cells per 
assay were analyzed by passage through the cytoflu orograph (30L, 
Ortho Diagnostic Systems, Westwood, Massac husetts) . A fluorescence 
histogram was obtained for each sample, with lluorescence in tensity 
being expressed on the X axis and cell number on the Y axis. 
Indirect 1 mmun.ofluorescence of Tissue Sections 
Portions of biopsies from normal and lesional skin from patients 
with psoriasis were snap-frozen in liquid nitrogen and maintained at 
- so·c . Four-micron cryostat sections were air dried, fixed in acetone 
fo r 5 min, and then washed in PBS. The sections were then incubated 
with t h e primary antibody (monoclonal 4F2 or -y2A ascites) for 30 min 
in a humidified chamber at. room temperature. After a 30-min wash in 
PBS, t he sections were incubated with flu orescein-conjugated goat 
anti mouse immunoglobulin for 30 min at room temperature in a hum -
idified chamber. Finally, the sections were washed in PBS for 30 min, 
mou nted under a coverslip in 50% glycerine in PBS, and examined 
using a Leitz Ortho-Lux II microscope with a !1uorescein vertical 
illuminator. 
RESULTS 
Epidermal Cell Suspensions 
Epidermal cell suspensions as prepared by the method of 
Eisinger et al [8] were composed mainly of keratinocytes. As 
assessed by leucine a minopeptidase staining 0.01 - 0.1 % of cells 
wer e fibrob lasts [10,11], 1- 2% of cells were ATPase posit ive, 
i.e., were La ngerhans cells [1 2,13], and 2-3% were melanocytes, 
being dopa-positive [14]. 
The viability of the epidermal cell suspensions freshly ob-
tained from normal skin and lesional skin from psoriatic pa-
tients was 91 ± 7.2% and 78 ± 6.4%, respectively . Reactivi ty 
with the monoclonal antibody 4F2 was 19.3 ± 5.2 % in the cell 
suspensions of normal s kin (n = 22), with a background reac-
t ivity of 1.8 ± 1.6% using the control ascites. Reactivity with 
OKT6 and 0Kla1 was 3.4 ± 0.7% and 3.0 ± 0.9%, respectively. 
Suspensions of lesional skin from patients with psorias is 
showed 49.5 ± 6.5% reactivity with monoclonal antibody 4F2 
and no reactivity with the control ascites (n = 4). 
Immunofluorescence Tissue Section Studies 
Frozen sections of normal skin revealed positive cell mem-
brane labeling with monoclonal antibody 4F2 in the basal layer 
only (Fig lA). This was visualized as bright yellow-green stain-
ing of t he surface membrane on cells in the basal layer. Since 
there was very little autofluorescence and no additional back-
FIG I. Section of skin demonstrating 4F2-posi tive cells in basal 
layer using the indirect immunofluorescence technique. A, Normal (X 
120). B, Psoriasis (X 120). 
ground staining observed with the control ascites fluid , staining 
with 4F 2 could be readily discerned. 
The antigen on the cell membrane recognized by monoclona l 
ant ibody 4F2 was resistant to fixation in acetone, but labelino-
was not possible in paraffin-embedded sections. "' 
Sections of les ional skin from patien ts with psorias is revealed 
similar positivity in the basa l layer of the epidermis (Fig lB); 
there was no reactivi ty with t he control ascites fluid. The 
characteristic morphology of psoriasis was apparent as regular 
epidermal hyperplasia with elongated rete ridges and a mark-
edly thinned suprapapillary plate. 
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Epidermal Cell Cultures of Normal Skin 
Keratinocytes as grown by the method of Eisinger et al (8] 
became confluent at 7-10 days . At that time, t he cultures were 
composed mainly of basal cells, being assessed morphologically 
on hematoxylin and eosin staining with a la rge nucleus: cyto-
plasm ratio. Later, t he keratinocytes became more differen-
tiated, and demonstrated stratification. Keratin production was 
evident on rhodamine B staining [15], and t ransmission elec-
tro n microscopy revealed desmosomes and tonoiilaments. As 
occurred in t he cell suspension, the cult ures contained negligi-
ble numbers of fibroblasts, no Langerhans cells, and a few 
melanocytes as assessed above . 
The viab ili ty of the ce ll suspensions harvested from the 
keratinocyte cultures was 83.8 ± 7.4%. Reactivity of these 
epidermal ce lls with monoclonal antibody 4F2 as demonstrated 
by ce ll surface membrane flu orescence is shown in Tables I and 
II. Human keratinocyte line 985 obtained from breast skin was 
fol lowed at wee kly intervals for reactivi ty with monoclonal 4F2. 
There was a progressive increase in the percentage of cell s 
reactive with 4F2 up to day 22, followed by a decline in number 
of positive cell s. 
Human keratinocyte cell line 949, analyzed for reactivi ty 
with 4F2 in passages 0, 1, and 2, also revealed a decline in t he 
number of positive cells with age, regardless of t he passage 
number (Table II) . 
Cyto(luorograph Stu.dies 
Reactivity with mo noclonal 4F2 was analyzed in parallel on 
a cytof1uorograph and by f1uorescence microscopy for 3 normal 
epidermal cell suspensions and for 4 cell suspensions of lesional 
skin from patients with psoriasis. Results achieved with both 
methods were comparable. Representative histograms for nor-
mal skin and for pso riasis a re shown in Fig 2A and B, respec-
t ively. 
DISCUSSION 
We have demonstrated by indirect immunofluorescence stud-
ies the presence of a surface membrane antigen, reactive with 
monoclonal 4F2, which is confined to t he basal layer of normal 
epidermis as seen in frozen section. The sharp demarcation in 
4F2 reactivi ty between the basal and suprabasilar layers cannot 
be accounted for merely as a marker of proliferation because 
only a minority of the basal layer keratinocytes are mitotically 
active at any one t ime (16,17]. It has, in fact , been speculated 
t hat more t han 60% of t he germinative cells in normal epider-
mis may be noncycling ce lls fi xed in G1 or G" [1 7,18]. 
To test t he hypothesis t hat t he membrane ant igen 4F2 is 
TABLE l. Reactivity of human heratinocyte cell line 985 with 
monoclonal 4 F2 
Culture ogc % Reactivity % Reactivi ty 
(dayR) with 4F'2 with ascites 
1 33.8 2.6 
7 61.0 0 
15 60.0 0 
22 69.0 0 
30 37.0 0 
TABLE II. Reactivity of pu.re hu.man keratinocyt.e cu.ltu.res with 
monoclonal 4F2 
Cell line Passage Culture age % Reactivi ty % Reactivity (days) with 4 F2 with ascites 
1008 0 2 66.6 0 
934 0 35 51.0 0 
949 0 21 28.0 0 
949 1 9 70.25 0 
949 2 5 70.0 0 
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FIG 2. Histograms demonstrating 4F2 reactivity in epidermal cell 
suspension from normal skin (A) and psoriasis (8) . 
specific for the basal layer keratinocyte, we studied t issue from 
patients with psoriasis. In this disease, there is epidermal 
hyperplasia secondary to an expansion of the ge rminative cell 
population, with mitotic activity present in the 3 layers of 
keratinocytes comprising this expanded basal zone [19] . Quite 
remarkably, even in psoriasis, 4F2 positivity was confined 
almost ent irely to the basal layer although what we interpret 
to be tangentia l sectioning in some areas suggested reactivity 
of 2 or 3 layers in the basal zone. Thus, despite the rapid rate 
of cell replication in this disease [20,21], a discrete step in 
differentiation similar to that in normal epidermis separates 
basilar from suprabasilar keratinocytes. 
The percentage of reactive cells in fresh epidermal cell sus-
pensions of normal skin (19.3 ± 5.2%) was sufficiently high to 
suggest that t he posit ive ce lls included a subset of the keratin-
ocyte series, since the number was too great to be accounted 
for solely by Langerhans cells and/or melanocytes. 
Studies on epidermal cell suspensions from psoriatic lesions 
revealed a larger population of cells (49.5 ± 6.5%) reactive with 
4F2 than in normal epidermis. We believe that this increased 
percentage of 4F2-positive cells in psoriasis reflects the rela-
t ively increased number of basal cells as compared with the 
more fully differentiated keratinocytes, secondary to elongation 
of rete ridges and increased folding of the basal layer beneath 
a given epidermal surface length [19,22]. In addition , there is 
t hinning of the suprapapillary plate which contributes to the 
increase in absolute number of basal cells as compared with 
that of more fully differentiated keratinocytes. However, since 
t he tissue sections reveal that 4F2 reactivity extends to 2 or 3 
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layers in some areas, it is conceivable tha t t he increased per-
centage of reactive ce ll s in pso riasis is seconda ry to t he antigen 
being expressed on more t han just t he basal layer. 
We a lso performed some preliminary experiments to deter-
mine whether t he 4F2 marker is expressed on keratinocytes in 
t issu e cul t ure in t he absence of feeder layers, exogenous hor-
mones, coll agen substrates, or a high concent ration of fetal 
bovine se rum [8]. 4F2 express ion varied according to passage 
a nd duration of culture. On serial study of one keratinocyte 
cell line, a progressive increase was found in t he number of 
4F2-pos it ive cells until day 21 of culture, fo llowed by a decrease 
(Table 1) . T his 4F2 reactive population thus mirrors the behav-
ior of t he basal cell populat ion assessed morphologically in the 
study of Eisinger et a l [8). Failure of cultured epidermal cells 
to expr ess other antige ns characteri stic of t he in vivo state has 
been reported prev iously and is considered to be secondary to 
impaired in vitro differentiation of long-term cul tured cells 
(23,24]. However, it is notewort hy t hat 4F2 reactivity is main-
tain e d at high levels for 3 weeks of t issue cul ture, suggesting 
t hat t he reactive membrane ant igen will be useful for in vitro 
studies of keratinocyte growth and mat uration. 
Cytofluorograp h analysis of reactive cell suspensions con-
firmed t he readings ac hieved on the fluorescence microscope. 
The use of the cyto lluorograph in such experiments facilitates 
the study of different cell popu lations; it is a rapid and objective 
method wit h reproducible resul ts assured. 
It s hould be emphasized that t he monoclonal 4F2 was pro-
duced aga inst a T -ce ll line and was ini t ia lly shown to react 
wit h monocytes, activated T -cells, and other T-celllines. This 
a n t ibody is, t herefore, not specific in an absolute sense for basal 
layer keratinocytes. The fun ct ion of the molecule recognized 
by monoclona l 4F2 is not kn own . However, since this particular 
antigen is present on a bio logically diverse population of ce ll s 
but not on all cells , it presumably is not an integral part of t he 
bas ic cell membrane but serves a major function for specific 
cell populations. Immunoprecipi tation studies and immunoe-
Jectron microscopy are being performed to characterize further 
the a ntigen recognized by monoclonal 4F2 and the reactive cell 
populat ion in t he skin . 
Reagents, such as monoc lonal ant ibody 4F2, should permit 
t he de l ineation of presently undetectable disc rete steps along 
the maturational pathway of keratinocytes. Individual lesions 
restricted to t hese differentiat ion steps should then be recog-
nizable, leading to substantial refinement of concepts of ep i-
dermal disease. 
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